Liquid chromatographic method for the quantitative determination of iloperidone in the pharmaceutical dosage form was developed. A reversed phase column with mobile phase containing 0.02 M potassium dihydrogen phosphate: methanol: acetonitrile (55 : 25 : 20, v/v/v, pH 4 adjusted with phosphoric acid) was used. The flow rate was 1.0 mL min −1 , and effluents were monitored at 230 nm. The retention time of iloperidone was 11.6 min. Iloperidone stock solutions were subjected to acid and alkali hydrolysis, chemical oxidation, and dry heat degradation. The degraded product peaks were well resolved from the pure drug peak with significant difference in their retention time values. Stressed samples were assayed using developed LC method. The proposed method was validated with respect to linearity, accuracy, precision, and robustness. The method was successfully applied to the estimation of iloperidone in tablet dosage forms.
Introduction

Iloperidone (1-[4-[3-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]propoxy]-3-methoxy
phenyl]ethanone) ( Figure 1 ) is a second-generation atypical antipsychotic agent recently approved by The United States Food and Drug Administration and is indicated for the acute treatment of schizophrenia in adults. Iloperidone is a white to offwhite finely crystalline powder. It is practically insoluble in water, very slightly soluble in 0.1 N HCl, and freely soluble in chloroform, ethanol, methanol, and acetonitrile. It is commercially available in the form of oral tablets in seven different strengths, namely, 1 mg, 2 mg, 4 mg, 6 mg, 8 mg, 10 mg, and 12 mg. [1, 2] .
In the literature, a liquid chromatographic-mass spectrometric (LC-MS) method has been described by Mutlib et al. to quantitate iloperidone, and its principal metabolite, 4-[3-[4-(6-fluoro-l,2-benzisoxazol-3-yl)-l-piperidinyl]propoxy]-3-methoxy-α-methylbenzenemethanol, in human plasma [3] . Sainati et al. have reported preliminary pharmacokinetic assessment by HPLC method with ultraviolet detection to support human pharmacokinetic studies based upon a 3 and 5 mg dosage regimen [4] . Mutlib et al. have reported that HPLC-NMR and HPLC-NMR-MS methods have been developed for identification of in vivo and in vitro metabolites of iloperidone [5] .
Literature survey reveals that a stability indicating analytical method for determination of iloperidone in dosage forms has been published [6] . The objective of this study was to develop a new, simple, rapid, precise, accurate, and specific stability-indicating HPLC method through stress studies as per ICH-recommended stress conditions [7] [8] [9] [10] [11] . column (Brownlee Analytical, Shelton, USA) with 250 × 4.6 mm i.d. and 5 μm particle size was used as a stationary phase.
Experimental
Reagents and Materials.
Analytically pure ILO was procured as gift sample from Sun Pharmaceutical Pvt. Ltd., (Baroda, India). Methanol and water (E. Merck, Mumbai, India) were of LC grade, while potassium dihydrogen phosphate and orthophosphoric acid (S.D. Fine Chemicals, Mumbai, India) were of analytical grade and used for the preparation of mobile phase. Tablet formulation A (Ilosure (4 mg), Sun pharmaceuticals Ltd., Ahemadabad, India) containing labeled amount of 4 mg of iloperidone was purchased from local market.
Preparation of Mobile Phase and Stock Solution.
Mobile phase was prepared by accurately weighing 0.340 g of potassium dihydrogen phosphate and dissolving in 100 mL of water. 55 mL of buffer was mixed with 25 mL of methanol and 20 mL of acetonitrile, and pH was adjusted to pH 4 using orthophosphoric acid (OPA). The solution was filtered with Whatman filter paper no. 42 (0.45 μm). The solution was sonicated for 15 min for degassing prior to use.
Stock solutions were prepared by accurately weighing 10 mg of ILO and transferring to 10 mL volumetric flasks containing 3 mL of acetonitrile. The flasks were sonicated for 10 minutes to dissolve the solids. Volumes were made up to the mark with acetonitrile, which gave 1000 μg/mL. Aliquots from the stock solutions were appropriately diluted with mobile phase to obtain working standards of 100 μg/mL of drug.
Chromatographic Conditions.
A reversed-phase C 18 column (Brownlee) equilibrated with mobile phase comprising of 0.025 M potassium dihydrogen phosphate : methanol : acetonitrile (55 : 25 : 20, pH 4) was used. Mobile phase flow rate was maintained at 1 mL/min, and effluent was monitored at 230 nm. A 20 μL of sample was injected using a fixed loop, and the total run time was 15 min. All the chromatographic separations were carried out at controlled room temperature (25 ± 2
• C).
Calibration Curves for ILO.
Appropriate aliquots of ILO working standard solution were taken in different 10 mL volumetric flasks. The volume was made up to the mark with mobile phase to obtain final concentrations of 0.1, 0.5, 1, 5, 10, and 20 μg/mL of ILO, respectively. The solutions were injected using a 20 μL fixed loop system, and chromatograms were recorded. Calibration curves were constructed by plotting peak area versus concentrations of the drug, and regression equations were computed for ILO.
Analysis of Marketed Formulations.
Twenty tablets were weighed accurately and finely powdered. Tablet powder equivalent to 4 mg ILO was taken in 10 mL volumetric flask. A few mL of acetonitrile was added to the above flask, and the flask was sonicated for 15 minutes. The solution was filtered in another 10 mL volumetric flask using Whatman filter paper no. 42, and volume was made up to the mark with the same solvent. Appropriate volume of the aliquot was transferred to a 10 mL volumetric flask, and the volume was made up to the mark with the mobile phase to obtain a solution containing 4 μg/mL of ILO. The solution was sonicated for 10 min. It was injected as per the above chromatographic conditions, and peak area was recorded. The quantifications were carried out by keeping these values to the linear equation of calibration curve.
Validation.
The method was validated for accuracy, precision, specificity, detection limit, quantitation limit, and robustness.
2.7.1. Accuracy. The accuracy of the method was determined by calculating recoveries of ILO by method of standard additions. Known amount of ILO (0, 2, 4, and 6 μg/mL) was added to a prequantified sample solutions, and the amount of ILO was estimated by measuring the peak area and by fitting these values to the straight-line equation of calibration curve.
Precision.
Repeatability study was performed by injecting the solution containing ILO (5 μg/mL) six times repeatedly, and peak area was measured. The results are reported in terms of relative standard deviation. The intraday and interday precision study of ILO was carried out by estimating the corresponding responses 3 times on the same day and on 3 different days (first, second, and third day) for 3 different concentrations of ILO (0.1, 1, and 20 μg/mL), and the results are reported in terms of relative standard deviation (RSD). 
Specificity.
The specificity was estimated by spiking commonly used excipients (starch, talc, and magnesium stearate) into a preweighed quantity of drug. The chromatogram was taken by appropriate dilutions, and the quantities of drugs were determined.
Limit of Detection and Quantification.
The detection limit is defined as the lowest concentration of an analyte that can reliably be differentiated from background levels. Limit of quantification of an individual analytical procedure is the lowest amount of analyte that can be quantitatively determined with suitable precision and accuracy. LOD and LOQ were calculated using the following equation as per ICH guidelines: LOD = 3.3 × σ/S and LOQ = 10 × σ/S, where σ is the standard deviation of y-intercepts of regression lines, and S is the slope of the calibration curve.
2.7.5. Robustness. Robustness of the method was studied by deliberately changing the experimental conditions like flow rate, percentage of organic phase, pH of mobile phase, and also by observing the stability of the sample solution at 25±2
• C for 24 h. The sample solution was assayed at every 2-hour interval up to 24 h.
Forced Degradation Study.
Stress degradation study using acid and alkali hydrolysis, chemical oxidation, and dry heat degradation was carried out, and interference of the degradation products was investigated. ILO was weighed (10 mg) and transferred to 10 mL volumetric flasks and diluted up to the mark with mobile phase. These stock solutions were used for forced degradation studies.
(a) Alkali Hydrolysis. To the 10 mL volumetric flask, 10 mg of ILO was taken and 2 mL of 1 N NaOH was added to perform base hydrolysis. The flask was heated at 80
• C for 1 week and allowed to cool to room temperature. Solution was neutralized with 1 N HCl and diluted up to the mark with mobile phase. Appropriate aliquots was taken from the above solution and diluted with mobile phase to obtain final concentration of 10 μg mL −1 of ILO.
(b) Acid Hydrolysis. To the 10 mL volumetric flask, 10 mg of ILO was taken and 2 mL of 1 N HCl was added to perform acid hydrolysis. The flask was heated at 80
• C for 1 week and allowed to cool to room temperature. Solution was neutralized with 1 N NaOH and diluted up to the mark with mobile phase. Appropriate aliquot was taken from the above solution and diluted with mobile phase to obtain final concentration of 10 μg mL −1 of ILO.
(c) Oxidative Stress Degradation. To perform oxidative stress degradation, 10 mg of ILO was taken in 10 mL volumetric flask and 2 mL of 3% hydrogen peroxide was added. The mixture was heated in a water bath at 80 • C for 2 h and allowed to cool to room temperature and diluted up to the mark with mobile phase. Appropriate aliquot was taken from above solution and diluted with mobile phase to obtain final concentration of 10 μg mL −1 of ILO.
(d) Dry Heat Degradation. Analytically pure sample of ILO was exposed in oven at 80 • C for 1 week. The solids were allowed to cool, and 10 mg of ILO was weighed, transferred to volumetric flasks (10 mL), and dissolved in few mL of acetonitrile. Volume was made up to the mark with the acetonitrile. Solution was further diluted by mobile phase taking appropriate aliquots in 10 mL volumetric flask to obtain final concentration of 10 μg mL −1 of ILO.
(e) To study photolytic (sunlight) degradation, solid drugs were exposed to sunlight for 1 week. After exposure, 10 mg of ILO was weighed and transferred to volumetric flask (10 mL) and dissolved in few mL of acetonitrile. Volume was made up to the mark with the acetonitrile. Solution was further diluted with the mobile phase taking appropriate aliquots in 10 mL volumetric flask to obtain final concentration of 10 μg mL −1 of ILO.
All the reaction solutions were injected in the liquid chromatographic system, and chromatograms were recorded. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Results and Discussion
Optimization of Mobile Phase.
Optimization of mobile phase was performed based on resolution of the drug, and degradation products, asymmetric factor, and theoretical plates were obtained for ILO. The mobile phase consists of 0.02 M potassium dihydrogen. Phosphate : methanol : acetonitrile (55 : 25 : 20, v/v/v, pH 4 adjusted with phosphoric acid) was selected which gave sharp, well-resolved peak for ILO (Figure 2 ). Degradation was observed in oxidative stress condition (Figure 3) . The retention time for ILO was 11.6 min. The asymmetric factor for ILO was 1.06. UV spectra of ILO showed (Figure 4 ) that the drug was absorbed appreciably at 230 nm, so the same was selected as the detection wavelength during the studies.
Validation.
The calibration curve was found to be linear over the range of 0.1-20 μg/mL for ILO. The data of regression analysis of the calibration curves are shown in Table 1 . The accuracy of the method was determined by calculating recoveries of ILO by the method of standard additions. The recoveries for ILO obtained were 99.25-100.33%. The high values indicate that the method is accurate. Repeatability study was performed, and RSD value for ILO was found to be 0.49%. The intraday and interday precision studies were carried out. For the intraday and interday precision study, RSD values were found to be 0.33-1.06% and 0.40-1.14% for ILO, respectively. The low RSD values indicate that the method is precise. The detection limit for ILO was 0.022 μg/mL, while quantitation limit was 0.067 μg/mL, respectively. The above data shows that a nanogram quantity of the drug can be accurately and precisely determined. The validation parameters are summarized in Table 1 , and the system suitability test parameters are shown in Table 2 .
Robustness of the method was studied by changing the flow rate of the mobile phase from 1 mL/min to 0.9 mL/min and 1.1 mL/min. Using 1.1 mL/min flow rate, retention time for ILO was observed to be 11.00 and with 0.9 mL/min flow rate, retention time for ILO was observed to be 12.1, respectively, without affecting the resolution of the drugs. When mobile-phase composition was changed to 0.02 M potassium dihydrogen phosphate : methanol : acetonitrile (50 : 25 : 25, v/v/v, pH 4 adjusted with phosphoric acid) by increasing percentage of acetonitrile, the retention time of ILO was observed to be 11.1, while mobile-phase composition was changed to 0.02 M potassium dihydrogen phosphate : methanol : acetonitrile (60 : 25 : 15, v/v/v, pH 4 adjusted with phosphoric acid) by decreasing percentage of acetonitrile, the retention time of ILO was observed to be 12.0, respectively. When pH of mobile phase was changed from 4.0 to 3.5 and 4.5 at this pH, there was not seen any kind of change on the retention time. The robustness parameters are shown in Table 3 . The solution stability study revealed that ILO solution was stable for 24 h without detectable degradation, and the percentage recovery of both the drugs was found to be more than 98%.
Forced Degradation Study.
Forced degradation study was carried out by subjecting the drug to acid and alkali hydrolysis, chemical oxidation, and dry heat degradation conditions. The ILO was found to be stable to acid and alkali hydrolysis, dry heat degradation, and photolytic (sunlight) condition. Degradation was observed in oxidative stress condition (Table 4) .
Analysis of Marketed Formulation.
The proposed method was applied to the determination of ILO in their pharmaceutical dosage form (Tablet A). The result for ILO was comparable with the corresponding labeled amounts ( Table 5 ). The chromatogram of marketed formulation analysis is shown in Figure 4 .
Conclusion
A validated stability-indicating RP-HPLC analytical method has been developed for the estimation of iloperidone in bulk and in their pharmaceutical dosage form. Compared to reported method [6] , the proposed method is sensitive, and it is developed with a simple mobile phase. The results of stress testing undertaken according to the ICH guidelines revealed that the method is selective and stabilityindicating. Apart from oxidative stress condition, the drug was found to be stable in rest of forced degradation condition. The proposed method was validated and found to be simple, accurate, precise, and specific. The method was successfully applied for the estimation of tablet dosage form. The proposed liquid chromatographic method can be applied to the analysis of samples obtained during accelerated stability experiments to predict expiration dates of pharmaceuticals.
